Abstract: Purpose: Most of the patients with stage IIIA pN2 non-small cell lung cancer (NSCLC) develop recurrence after surgery. It is not clear whether post neoadjuvant chemotherapy tumor-associated macrophages is associated with recurrence. Patients and Methods: Stage IIIA pN2 NSCLC patients underwent cisplatin/docetaxel neoadjuvant chemotherapy and surgery were retrospectively enrolled. Immunohistochemical staining of CD68 was used to identify macrophages in surgical resected stored tissues. Results: The objective response rate of cisplatin/docetaxel was 68%, overall median disease-free survival (DFS) was 13.1 months and median overall survival (OS) 36.8. months. Multiple Cox regression analysis showed low total macrophage numbers and mediastinal lymph nodes downstaging were independent factors for longer DFS, whereas high islet/stromal macrophages ratio was an independent facto for OS. In patients downstaged to pN0, low total macrophage numbers was also associated with longer DFS. Conclusions: Low total macrophage number is an independent factor for better DFS in pN2 stage IIIA NSCLC patients receiving neoadjuvant chemotherapy and surgical resection, which association was kept in those downstaged to pN0. Further studies are warrant to confirm the predictive role of TAMs and their potential causative role in tumor recurrence.
Introduction
Lung cancer, over 80% of which is non-small cell lung cancer (NSCLC), is the leading cause of cancer death worldwide [1] . Although NSCLC can be treated surgically with curative intent in the early stages, 30-70% of the patients develop recurrences [2, 3] . Treatment with combined modalities in addition to surgery alone is thus evolving, particularly neoadjuvant chemotherapy for N2 stage IIIA disease. The 5-year survival rate for those who underwent surgical resection alone was unsatisfactory, from 8% to 23% in different reports [3, 4] . Neoadjuvant chemotherapy theoretically allows early eradication of micrometastases, which are present in nearly 80% of patients with stage IIIA NSCLC [5] , and inducing tumor downstaging to enable better local control in surgery. Two randomized control trials clearly demonstrated survival advantage associated with neoadjuvant chemotherapy followed by surgery compared with surgery alone in patients with stage IIIA-N2 NSCLC [2, 6] . Although the benefit was not seen in two later trials [7, 8] , they were either enrolling more heterogeneous populations (stage I-IIIA) [8] or underpowered [7] . Nevertheless, even after neoadjuvant chemotherapy and adequate sur-gical resection, patients still had up to 60% locoregional relapse and 65% distant metastasis after a follow-up of 5 years [2, 9] . Identification of prognostic factors would potentially help to select patients need more aggressive consolidation treatment. Indeed, complete resection and mediastinal downstaging after neoadjuvant chemotherapy are two strong favorable prognostic factors, and resection is thus recommended only for patients with mediastinal downstaging after chemotherapy [9, 10] .
Macrophages are the major component of immune cells infiltrating in tumor microenvironment [11] . Tumor-associate macrophages (TAMs), usually M2 skewed or alternatively activated, have been implicated in tumor invasion, immune suppression and tumor metastasis [12, 13] . They also have long been known to be a prognostic factor in lung cancer. Earlier reports demonstrated a negative correlation of the tumor infiltrating macrophage density with survival of patients with stage I-IIIA NSCLC after surgical resection [14, 15] . We have recently reported in advanced NSCLC, the majority of TAM located in tumor stroma and expressed M2 markers, also predicted for poor treatment response to epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI) and overall survival [16] . A prognostic role of TAMs in NSC-LC patients receiving neoadjuvant chemotherapy and surgery has yet been tested.
In this retrospective study, based on the hypothesis that TAMs are associated with poor prognosis, we numbered TAMs in resected tumors of patients with pN2 stage IIIA NSCLC receiving neoadjuvant chemotherapy and surgery, and analyzed the predictive value of TAMs and other clinical factors for disease free survival (PFS) and overall survival (OS) after surgical resection.
Patients and methods

Ethics statement
This is a retrospective study approved by Institutional Review Board of Chang Gung Medical Foundation, Linkou branch. (IRB 101-4181B) and informed consent was deemed not required. The patient records was anonymized and de-identified prior to analysis.
Study population
Patients with pN2 stage IIIA NSCLC treated with docetaxel and cisplatin as neoadjuvant chemoThe patients were restaged by chest CT and/or positron emission tomography after the neoadjuvant chemotherapy. Every patient received an anatomic lung resection and mediastinal lymph node dissection in an attempt to eradicate the whole tumor. Lobectomy or bilobectomy was performed according to the lesion locations on chest CT before surgery. Postoperative treatment was left to clinicians' discretion. Adjuvant 
Treatment and response evaluation
Patients received neoadjuvant docetaxel 60 mg/m 2 as 1-hour intravenous infusion on day 1 and cisplatin 75 mg/m 2 as a 3 hours intravenous infusion on day 1 every 3 weeks. Cycle numbers given were based on clinicians' discretion according to clinical and radiologic response.
Clinical response was defined by using the Response Evaluation Criteria in Solid Tumors (RECIST) criteria [17] . A resection was considered complete (R0) when there was no residual tumor detected at the bronchial or vascular margins and no residual disease in the mediastinal area. Mediastinal downstaging was defined as no gross and microscopic disease in the resected mediastinal nodes. Pathologic complete response (pCR) was defined as the absence of viable tumor detected in the resected surgical specimen on pathologic examination [18] . Drug related toxicities were evaluated by the National Cancer Institute Common Toxicity Criteria version 3.0. chemotherapy was usually given to patients with residual lymph nodes metastasis. Those without residual tumor were followed up every 3 months until recurrence. The survival data were censored at December 31, 2012.
Immunohistochemical staining
Totally 28 stored paraffin-embedded, formalinfixed, surgically resected specimens were collected for immunohistochemical (IHC) studies. Tissue sections were cut, placed onto glass slides, de-waxed in xylene and alcohols and then washed with phosphate-buffered saline twice as our previous study [16] . Macrophages were stained with an mouse anti-human CD68 monoclonal antibody (Clone PG-M1 from Dako, Glostrup, Denmark.).
Analysis and validation of immunohistochemical staining
Analysis of IHC was performed blindly with respect to the clinical outcome. The five most representative high-power fields (200X magnified) per slide were manually selected using an Olympus BX50 microscope (Olympus, Southall, United Kingdom). Nucleated CD68-positive cells with macrophage morphology ( Figure 1 ) were counted manually independently by two researchers, including a pathologist, and expressed as islet, stromal or total macrophages as previous described [19] . The two sets of data were compared to assess the reproducibility and, hence, the validity of the results.
The mediums of islet (113), stromal (113) and total macrophages (222) numbers per high power field (200X), and that of islet/stromal macrophage ratio (1.33) were chosen as cut-off levels for determination between high and low groups. Representative pictures of low and high CD68+ macrophages in islet and stromal area are shown in Figure 1 .
Statistical analysis
The categorized variables were compared by Fisher exact test and continuous variables by the Mann-Whitney U test. The median follow-up was computed by the reverse Kaplan-Meier method [20] . Disease-free survival (DFS) was calculated from initiation of treatment to the date of last follow-up, the first clinical or radiologic evidence of tumor relapses, or progression, whereas Overall survival (OS) from initiation of treatment to the date of last follow-up or death. The Kaplan-Meier estimation was used to plot survival curves, and log-rank tests to compare the difference between groups. Univariate analysis was performed to investigate the association between an outcome (DFS and OS) and each individual prognostic factor. Time to event was analyzed by fitting multiple Cox regression model. All analyses were performed by using SPSS version 20 (SPSS Inc, Chicago, IL) and Prism 5 (version 5.01, Graphpad Software, San Diego, CA). Statistical significance was considered when p<0.05 by two sided.
Results
Patient characteristics
Between 
Neoadjuvant treatment response and toxicity
Nine (32%) patients received 2 cycles, 9 (32%) received 3 cycles, and 10 (36%) received 4 cycles of cisplatin/docetaxel. The objective response rate (ORR) was 67.8% (19 patients), all were partial response (PR). There were 9 patients (32%) with stable disease (SD) and no (0%) progressive disease.
Only 20 of 28 patients were evaluable for drug related toxicity. Ten (50%) patients developed leukopenia and 9 (45%) anemia during neoadjuvant chemotherapy. and only one bilobectomy. Systemic lymph node dissection was performed in every patient. Most patients (19, 67.8%) had tumor shrinkage to T1. Residual pN2 was presented in 4 (14%) patients, whereas mediastinal downstaging in 18 (81%) patients, including 5 (18%) pN1 and 19 (68%) pN0 ( Table 1) . No pathologic complete response was achieved in these patients.
All 4 patients with residual pN2 disease underwent cisplatin/docetaxel adjuvant chemotherapy, whilst one out of two patients with pN1 residual disease received the same treatment. None of the pN0 disease received adjuvant therapy.
Relapse and survival
The median follow up time was 63 months (95% CI, 60.8-65.7 months). By December 31, 2012, 21 (75%) patients experienced relapse and 16 (57%) had died, all of which died of relapse. The median DFS was 13.1 months (95% CI, 5.0-21.3 months), and the median OS 36.8 months (95% CI, 24.0-72.1 months) ( Table  1) . There were 5 locoregional relapses and 16 distant metastases, the latter being 8 in the lungs and 8 in the brains as the first metastatic site. All patients with tumor relapse received chemotherapy and/or epidermal growth factor receptor tyrosine kinase inhibitors, and all those with brain metastasis received palliative radiotherapy.
Prognostic factors for survival outcomes
Univariate analysis of prognostic factors for DFS and OS were summarized in Table 2 . Whilst mediastinal downstaging, low total numbers of macrophage and high islet/stromal ratio were significantly associated with longer DFS, only high islet/stromal macrophage ratio was significantly associated with longer OS. Median DFS was 16.3 months (95% CI: 7.1-25.5 months) vs. Figure 2C and 2D) .
To determine the independent factors for PFS and OS, multivariate analysis was performed and included significant factors and those with p<0.05 for PFS in univariate analysis ( Table 3) . Mediastinal downstaging and low total macrophages were both independent factors for longer PFS (HR: 0. Relapses occurred in 72.7-100% in each subgroup, and distant failure was the major type of the relapse. There was no significant difference in types of relapse in each subgroup.
Correlation of TAMs with survival in the subgroup downstaged to pN0
To avoid the confounding with mediastinal status and to clarify the prognosis role of TAMs, we further studied the patients with nodal downstaged to N0 ( Table 4 ). The median number of total macrophages (202) in these patients was used as the cut-off value. Patients with high total macrophage numbers had significantly shorter median DFS (13.4 months, 95% CI: 8.2-18.6 months) compared with those with low numbers (33.4 months, 95% CI: 6.3-60 months, Log-Rank test p=0.01) ( Figure 3A) . OS was similar in both groups (median 52.8 months, 95% CI: 10-95.6 months vs. unreached; Log-Rank test p=0.88) ( Figure 3B ). With regard to types of relapse, 2 (22.2%) and 6 (66.7%) patients Figure 2 . Kaplan-Meier disease free survival curves of (A) total macrophages, (B) mediastinal downstaging, (C) islet/ stromal macrophage ratio and (D) overall survival of islet/stromal macrophage ratio. Data were dichotomized at the median value for each parameter.
with high total macrophage numbers experienced locoregional and distant metastasis, respectively. And the recurrence pattern was similar with 1 (10%) locoregional and 4 (40%) distant metastasis in those with low total macrophage numbers (p=0.26).
Discussion
This study confirms the prognostic role of mediastinal downstaging for DFS and demonstrates that numbers of total macrophages also have the same prognostic role. In addition, we show- ed that islet/stromal macrophage ratio is correlated with for OS. Furthermore, in patients downstaged to pN0, high numbers of total macrophage were associated with a shorter DFS. The present study also confirms a high objective response rate of docetaxel-cisplatin neoadjuvant chemotherapy, which were well tolerated.
Several prognostic factors had been reported in stage III pN2 patients receiving neoadjuvant chemotherapy and subsequent surgery, with complete surgical resection and mediastinal downstaging being the most important [9, 10, 21, 22] . In the present study, all patients had complete resection. An independent role of mediastinal downstaging for predicting DFS is confirmed. However, this factor was not significant for OS in multivariate analysis. Although out result is conflicted with that reported by Betticher, et.al. [9, 10] , it is in agreement with most others ones by Garrido, et. al. [21] and Elias, et. al. [22] and a retrospective report by Liao et. al. [23] .
The prognostic roles of TAM have been tested for NSCLC in different settings. Chen et al first demonstrated that overall TAM was a poor prognostic factor for OS in surgically resected NSCLC [14, 15] . Further analysis by their microanatomic localization showed that stromal TAMs [19, 24] were frequently negatively associated with patient survival whilst islet TAMs or islet/stromal macrophage ratio were always positively correlated [19, 25, 26] . More recent data suggested that islet macrophages expressed anti-tumor M1 phenotype [25] whilst more stromal ones were pro-tumor M2 skewed [27] . Generally, more TAMs were M2 macrophages compared to M1 macrophages in NSCLC [27] .
In line with this concept, the present study showed islet/stromal macrophage ratio an independent factor for OS, which further extends to a more homogenous population, e.g. stage IIIA pN2 patients post neoadjuvant chemotherapy and surgery.
Interestingly, total macrophage, instead of islet/stromal macrophage ratio, is an independent predictive factor for DFS. This role was further confirmed in the pN0 group, in which any confounding with mediastinal downstaging can be ignored. Thus total macrophage may be used to identify patients who need further treatment after surgery, even in patients with mediastinal clearance. As distant metastasis is the major site of first relapse, adjuvant chemotherapy and/or radiotherapy might be necessary and need to be studied in further trials.
It is not clear why total macrophages but not islet/stromal macrophage ratio are predictive of DFS. Nevertheless, it is in agreement with our recent report showing that total macrophages are predictive of poor efficacy, including progression-free survival (PFS), in response to EGFR-TKI [16] . Interestingly, high total macrophage numbers were associated with low islet/ stromal macrophage ratio (median, 1.21; IQR: 0.43-1.83 vs. 1.83; IQR: 0.89-2.50) and therefore supporting their M2-skewed tumor supporting phenotype as in advanced NSCLC [16] . Of note, recent gene profile experiments indicate several distinct populations of TAMs that often share features of both types [28] . In vitro studies also showed that, coculture with normal macrophages induced higher invasive potentials and activation of genes associated with angiogenesis and metastasis in lung cancer cell lines [15] . These studies support a potentially causative role of TAM, irrespective of their binary phenotypes.
There are limitations in the present study. First, the retrospective nature and small sample size might overlook confounding factors and was underpowered. Second, although CD68 is widely used as a marker of macrophages, it is also expressed on other cell types, such as immature CD1a-restrictive dendritic cells and fibroblasts. Nevertheless, this bias might have been minimized by the fact that only very low ratio of CD68+ cells were fibroblast or dendritic cells [16] and that macrophages were also determined by morphology.
Conclusion
Lower total macrophages, in addition to mediastinal downstaging, could independently predict better DFS in pN2 stage IIIA NSCLC patients underwent neoadjuvant chemotherapy and surgical resection. This role of TAMs is also kept in patients downstaged to pN0. The present study thus identified a novel marker that could be used to select patients who need more aggressive post-surgical treatment. A prospective study is warranted to confirm the finding herein.
